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Background: Accurate knowledge of the surgical anatomy of the caudate lobe is indispensable in the
performance of liver surgery. Although previous cast studies have provided much useful overall informa-
tion about the locations of the caudate veins, little is known about how to establish the exact locations
of the caudate and short hepatic veins prior to surgery.
Objectives: This study was conducted as a practical morphometric analysis of the caudate veins using
preoperative enhanced computed tomography (CT) and intraoperative ultrasound (IOUS).
Methods: From July 2003 to October 2005, 116 donor hepatectomies were performed for adult living
donor liver transplantation. The numbers and locations of visible caudate veins were examined pre- and
intraoperatively using CT and IOUS.
Results: In the 116 patients, a total of 152 caudate veins were detected, which were classified as being
of either typical (n = 135) or non-typical (n = 17) type. One caudate vein was detectable in 83 patients
(72%), two in 30 patients (26%) and three in three patients (3%). A total of 67% of caudate veins detected
by IOUS and 70% detected by CT were located on the ventral 60 ° of the inferior vena cava (IVC). The
remaining veins were scattered on both lateral sides.
Conclusions: Preoperative CT and IOUS were useful in providing morphometric information of sizable
caudate veins. Precise information on these veins is essential for the safe dissection of the caudate lobe
from the IVC in advanced liver surgery.
Keywords
caudate lobe, intraoperative ultrasonography, liver surgery
Received 13 May 2010; accepted 16 June 2010
Correspondence
Norihiro Kokudo, Hepato-Biliary-Pancreatic Surgery Division, Department of Surgery, Graduate School of
Medicine, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. Tel: + 81 3 5800 8654.
Fax: + 81 3 5684 3989. E-mail: kokudo-2su@h.u-tokyo.ac.jp
Introduction
The ability to identify the location of the caudate hepatic vein is
extremely important in liver resections that require the caudate
lobe to be detached from the inferior vena cava (IVC), such as left
hemi-hepatectomy including the caudate lobe or isolated resec-
tion of the caudate lobe.1–8 A number of cast or surgical anatomi-
cal studies on the location, number and size of the draining veins
of the caudate lobe, the so-called ‘caudate veins’, have been carried
out.9–19 However, little is known about how to establish the loca-
tion of the caudate and short hepatic veins in each case before
surgery.
Visualization of the caudate vein is also important in the liver
hanging manoeuvre introduced by Belghiti et al.20 This tech-
nique, which was originally developed to facilitate safe right
hemi-hepatectomy for huge tumours, has been widely applied in
various types of major hepatic resection procedures to control
bleeding during transection of the liver parenchyma without
liver mobilization.21–24 Couinaud first suggested that this tech-
nique might be possible because of the loose connective
tissue between the liver and the IVC13 and Hirai et al. showed
supportive data on its safety, reporting the subsequent existence
of an avascular area between the IVC and the liver.19 This tech-
nique, however, carries some risk for injury to the caudate
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and/or short hepatic veins during blind retrohepatic
dissection.
Anatomical information on the caudate vein is also essential for
drawing a surgical plan in living donor liver transplantation
(LDLT), in which even a small part of the graft, such as the left
caudate lobe (Spiegel’s lobe), is essential.25–31 In a left hemiliver
graft with Spiegel’s lobe, it is better to reconstruct a thick caudate
vein to guarantee full graft functioning.
In this study, morphometric analysis of the caudate veins in
living donors was performed using preoperative enhanced com-
puted tomography (CT) and intraoperative ultrasonography
(IOUS).32–34 In addition, methods of handling detectable caudate
veins and non-detectable short hepatic veins in liver surgery are
discussed.
Materials and methods
From July 2003 to October 2005, a consecutive series of 116
hepatic resections were performed to obtain liver grafts from
living donors. These included 39 left hemiliver grafts with the
caudate lobe. The living donors consisted of 65 men and 51
women with a median age of 36 years (range: 17–65 years).
To distinguish between the caudate vein and the regular short
hepatic veins, the caudate vein was defined as a sizable vein large
enough to be detected by preoperative enhanced CT and/or IOUS.
Furthermore, caudate veins were divided into two categories –
typical and non-typical – according to their confluence with the
IVC or hepatic veins. A non-typical caudate vein23 was defined as
the draining vein of the caudate lobe, which emptied into the left
hepatic vein (LHV), the middle hepatic vein (MHV), the common
trunk of the LHV and MHV, or the IVC within 10 mm of the
opening of these major hepatic veins.
All living donors underwent enhanced CT before surgery to
provide anatomical information on their intrahepatic vasculature
including the caudate veins. All CT examinations were performed
using a 64-detector row helical CT apparatus (Aquilion 64™
[Toshiba Medical Systems Corp., Tokyo, Japan]; LightSpeed
VCT™ [GE Medical Systems Ltd, Milwaukee, WI, USA]). The scan
parameters for the Aquilion 64™ and the LightSpeed VCT™ were
collimations of 32 ¥ 1 mm and 64 ¥ 0.625 mm, respectively. Both
had a rotation time of 0.5 s and a tube voltage of 120 kV. All scans
were acquired in a cephalocaudal direction in 2.5-mm sections.
All patients were given an injection of non-ionic contrast material
at 2 ml/kg of body weight to a maximum of 100 ml using an
injector with an injection duration of 30 s. Double-arterial phase
protocol was used and a portal phase was obtained just 80 s after
the injection of contrast materials. On the basis of the enhanced
CT findings in the portal phase, we investigated the type, number
and size of the caudate veins and the angle between the caudate
vein and the IVC, which was measured between the opening point
of the caudate vein and the upper ventral point of the IVC (Fig. 1).
The liver was exposed through an abdominal or thoracoab-
dominal approach using either an inverted T-shaped or J-shaped
incision. Intraoperative US was routinely performed by author
NK using a mini convex 7.5-MHz probe (Aloka SSD-6500™;
Aloka Co., Tokyo, Japan). Using IOUS, we re-evaluated the type,
number and size of the caudate veins and the angle between the
caudate vein and the IVC, which was defined as the angle between
the opening of the caudate vein and the right edge of the IVC
(Fig. 2). As previously reported,23 a straight line was drawn on the
long axis of the transverse plane of the IVC and the right edge of
the line was marked as 0 °. Another line between the opening of
the caudate vein and the centre of the long axis was drawn, and the
angle between this line and 0 ° was measured. Retrospectively, we
compared the angles of the caudate vein orifice measured using
these two modalities. Data are shown as median (range).
Results
A total of 152 caudate veins in 116 living donors were detected by
preoperative enhanced CT and 147 (97%) of these veins were
visualized using IOUS. Intraoperative US was unable to detect any
caudate vein in two patients and IOUS measurements of the
caudate veins were not obtained in three patients because of an
emergent need for graft harvesting. One caudate vein was detect-
able in 83 patients (72%), two in 30 patients (26%) and three in
three patients (3%) by preoperative enhanced CT or IOUS.
Among the 152 caudate veins, 135 were classified as typical. These
originated a median of 27 mm (range: 12–65 mm) from the
caudal edge of the LHV and MHV and had a median diameter of
2.9 mm (range: 1.2–6.2 mm). The minimum diameters of these
sizable caudate veins were 1.5 mm by enhanced CT and 1.2 mm
by IOUS. Distances between the caudal edge of the common
Figure 1 Angle between the orifice of the caudate vein and the top of
the inferior vena cava measured using preoperative computed
tomography. The upper ventral point of the inferior vena cava was
marked as 0 °, and the angle between this and the opening of the
caudate vein was measured. The angle to the left side of the patient
was defined as positive and the angle to the right was defined as
negative
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orifice of the LHV and MHV and the orifice of the typical caudate
vein in the longitudinal view are shown in Fig. 3. In the 17 non-
typical caudate veins, the median diameter and distance between
the vein and the root of the LHV and MHV were 3.6 mm (1.6–
5.4 mm) and 5 mm (0–10 mm), respectively (Table 1).
The median angle of the typical caudate vein was 15 ° (range:
-90 ° to 105 °) from the ventral top of the IVC calculated by
preoperative enhanced CT and 120 ° (range: 20–190 °) from the
right edge of the long axis by IOUS. Distributions of these caudate
veins are shown in Figs 4 and 5. Of the typical veins, 87 (67%)
detected by IOUS and 94 (70%) detected by preoperative
enhanced CT were located within 60 ° of the upper ventral point
of the IVC.
In the 116 living donor operations, retrohepatic dissection for
liver hanging manoeuvre was successfully performed in 95 donors
(82%) without substantial bleeding. In 16 patients (14%), the
surgeon encountered some degree of resistance during the inser-
tion of the forceps between the liver and the IVC and performed a
‘modified’ dissection,23 which involved mobilizing the liver and
placing a tape from the lateral side. The resistance was presumably
caused by the small short hepatic veins. The hanging manoeuvre
was abandoned in one patient (1%) due to the bleeding from the
non-detectable short hepatic vein, and it was not performed in the
remaining four patients (3%) because the harvesting procedures
did not require the manoeuvre (two left liver grafts without
caudate lobe (S2 + S3 + S4) and two left lobe grafts (S2 + S3);
the nomenclature of the graft type is based on Couinaud’s
classification).13
In seven recipients in this series, left hemiliver grafts with the
caudate lobe and non-typical caudate veins were transplanted. In
six cases, venoplasty at the bench was performed, as previously
reported,25,26,28,29,31 except in one patient with a small caudate vein
which did not require venoplasty (patient 310, 2 mm diameter
vein).
Discussion
The present study shows that the locations of sizable caudate veins
vary widely. To the best of our knowledge, this is the first report to
show the precise clinical anatomy of caudate veins identified by
pre- or intraoperative imaging. This study is unique in that the
locations of caudate veins were identified using in vivo imaging
including preoperative enhanced CT and IOUS, whereas previous
studies have been based on ex vivo investigations using cadaveric
livers. The present data were compatible with those from ex vivo
studies by Chang et al.12 and Camargo et al.14 in that they show the
openings of the caudate veins to be distributed diffusely. There has
been some controversy on the distribution of caudate veins in
reports from cadaveric studies. Hirai et al.’s cast study19 showed a
leftward deviated distribution of caudate veins indicating that a
rightward course would be safe for retrohepatic dissection. Their
definition of a caudate vein was a short hepatic vein >3 mm in
diameter. Sato and colleagues18 reported that the openings of the
caudate veins were concentrated on the left side of the hepatic
IVC, but that the short hepatic veins were located diffusely. These
discrepancies may reflect the lack of the origin of the coordinate
axis in ex vivo studies. In the present in vivo study, it was possible
to define the zero point to provide coordinates for each caudate
vein.
In the present study, a non-typical caudate vein23 was defined as
a vein emptying into the IVC within 10 mm of the root of the
Figure 2 The angle between the orifice of the caudate vein and the
long axial right edge of the inferior vena cava measured by an
intraoperative ultrasound transverse scan. A straight line was drawn
on the long axis of the cross-sectional view of the vena cava and the
right edge of the line was marked as 0 °. Another line was drawn
between the opening of the caudate vein and the centre of the long
axis and the angle between this line and 0 ° was measured
Figure 3 Schematic longitudinal view of the inferior vena cava
showing the distribution of caudate veins according to the distance
between the caudal edge of the middle and left hepatic veins and the
orifice of the typical caudate vein. Typical caudate veins were sorted
into categories by 5-mm increments in this distance
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LHV and/or MHV, or into the LHV, the MHV or the common
trunk of the LHV and MHV. The identification of a non-typical
caudate vein is important for practical purposes because the
reconstruction of non-typical caudate veins is technically different
from that of typical veins during LDLT using a left hemiliver graft
with the caudate lobe. When a donor has a non-typical caudate
vein, this vein is clamped together with the LHV and MHV using
one vascular clamp and resected with the LHV and MHV, thereby
retaining the same orifice or uniting these veins without any
venous conduit at the bench. The isolated division of a non-
typical caudate vein using another vascular clamp may be difficult
and dangerous. The non-typical caudate vein may be identical to
‘the superior caudate vein’ reported by Kanamura et al.17
The results of this study show that 67% of the typical caudate
veins detected by IOUS and 70% detected by CT were located
Table 1 Characteristics of 17 non-typical caudate veins
Case no. Graft type Length from left and middle hepatic veins, mm Diameter, mm
235 Rt 7 3.5
237 Lt 5 3.5
243 ExR Flowing directly into the common orifice of the left and middle hepatic veins 5.0
262 ExR Flowing directly into the common orifice of the left and middle hepatic veins 3.0
264 L + Cb 10 3.0
272 L + Cb 0a 4.0
284 L + C 0a 3.5
285 L + Cb 3 4.0
298 Rt Flowing directly into the middle hepatic vein 2.0
299 Rt 0a 5.0
306 Rt 4 3.0
310 L + Cb 5 2.0
313 Rt 8 4.0
319 L + Cb 6 2.5
325 Rt 0a 2.0
331 ExR 10 3.0
334 L + Cb 6 4.5
aThe length ‘0 mm’ means that caudate veins flowed into the inferior vena cava just below the left and middle hepatic veins
bSeven recipients received left liver plus caudate lobe grafts with non-typical caudate veins. One of these patients did not receive plasty of the
non-typical caudate vein because it was too thin to be reconstructed (case no. 310, 2 mm in diameter)
ExR, right hemiliver grafts with middle hepatic vein; L + C, left hemiliver graft with caudate lobe; Lt, left hemiliver graft; Rt, right hemiliver graft
Figure 4 Distributions of 135 typical caudate veins detected by pre-
operative computed tomography with contrast material in transverse
view. The surface of the inferior vena cava is schematically divided
into intervals of 15 °
Figure 5 Distributions of 130 typical caudate veins detected by
intraoperative ultrasound in transverse view. The surface of the
inferior vena cava is schematically divided into intervals of 10 °
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within 60 ° of the upper ventral point of the IVC, whereas the
remaining approximately 30% of these veins were distributed on
both lateral sides. This finding indicates that some risk for an
inadvertent tear in the short hepatic veins during blind dissection
between the liver and the IVC would remain. Previous reports
documented a 2–6% risk for bleeding from the caudate and acces-
sory hepatic veins or as a result of injury of the hepatic capsule
during dissection.20–24 The liver surgeon should take these risks into
consideration when performing a liver hanging manoeuvre. Appli-
cation of IOUS may reduce the risk in retrohepatic dissection.23
The identification of a caudate vein may also be useful for safe liver
parenchymal transection using the anterior approach35 to avoid the
risk of tearing the caudate vein in the final part of the dissection by
lifting the residual liver parenchyma close to the IVC.
Conclusions
Preoperative CT and IOUS were useful in providing morphomet-
ric information of sizable caudate veins. Neither preoperative
enhanced CT nor IOUS can perfectly identify the location of the
caudate and the short hepatic veins; however, one modality may
compensate for the imperfections of the other. Precise informa-
tion on sizable caudate veins is essential for safe dissection
between the caudate lobe and IVC in advanced liver surgery.
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